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‘-L Full-Adder

Carry
A B C; hY Co Statis
0 0 0 0 0 delete
A B 0 0 1 1 0 delete
_ 0 1 0 1 0 propagate
Cin Cout
0 1 1 0 1 propagate
1 0 0 1 0 ropagate
Sum propag
1 0 1 0 1 propagate
1 1 0 0 1 generate
1 1 1 1 1 generate
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Express Sum and Carry as a function of P, G, D

Define 3 new variable which ONLY depend on A, B
Generate (G) = AB

Al B || s | c | “@
Propagate (P) =A ® B ot
— — 0 0 0 0 0 delete
Delete=A B 0 0 1 1 0 delete

0 1 0 1 0 propagate

0 1 1 0 1 propagate

CO(G’ P) = G+ PCl 1 0 0 1 0 | propagate

1 0 1 0 1 propagate

S (G, P ) = P® CI. 1 1 0 0 1 generate

1 1 1 1 1 generate

Can also derive expressions for S and C, based on D and P

Note that we will be sometimes using an alternate definition for
Propagate (P) =A + B
12



Jnsh2E

= it Ao ik
m Ao ok B E St
m ook B b %81t

Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

13



E.L T A

Sl'n

Cig e Z

C)

Genera ted by Fox tPDFC ator © Fo tSftW
For evaluation

http://www.foxitsoftwar

S

|

| ]

Ao Bo

7w (RCA)

)3

only.

| ]

-“| B|

* TR AIEGHF IThE R
* B H42EF R A A 4R

14



Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

The Ripple-Carry Adder

Ao Ay By Ay B A3 Bj
| b b b
Ci,O Co,O Co,1 C0,2 C0,3
—> FA (—_C)> FA —> FA — > FA —
— Vi1
f { — !
So Sy Sy S3

tadder = (N '1)tcarry + tsum

Worst case delay linear with the number of bits
t; = O(N)

Goal: Make the fastest possible carry path circuit
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A 64-bit Adder/Subtractor

add/subt
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1-bit
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1-bit
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1-bit
FA
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Ic.

l Ces

1-bit
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¢,=(G, &) (G C.)

16 &) - (G, €.
=(G,+PR)-(G,+C,,)
=G, +G,F, +FC,
=G, +FC,
GG =G, + BG, + ARG + BPEG,
GP=P,P,PP,

C, =GG+GPC,
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Carry-Lookahead Adder

c,=abc,_ +abc,_ +ab =g + pc,_
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Gj — gi+3 + pi+3gi+2 + pi+3pi+2gi+1 + pi+3pi+2pi+1gi

})j = PixsPiir Pini P Ti+3 fi+3 Ti+2 f|+2 i+1 blm &, ti.
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individual adders
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Expanding Lookahead equations:

Co ok = Gt Pu(Gx 1+ Py 1C x2)

All the way: Cio
Co k = Gk TP (Gx— 1 7Py (... TP1(Go +PoC 9)))
Po
— P
C,=G,+ PC, 1
P,
=G, + PG, + N
P3P2Gl + P3P2})1G0
+P3P2})1P0Cin
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Three-Levels of Logic

Implementation of the Carry Block
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Logarithmic Look-Ahead Adder

v

t,~ log,(N)
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‘-L Carry Lookahead Trees

Co0 = Go T PoCi o
Co1 = G +P1Got+P1PyC
C 5 = G2 +P2G1+P2P1GO+P2P1POCi 0

0

= (G 7 PyGy) +(PoP)(Go TP 9) = Gay TP G4 0

Can continue building the tree hierarchically.
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Example: Domino Adder

V
VDD DD

CIko—o||: :||o—o<]— peath ciko—qf|_ :“D_oq_

D

Propagate

Generate (G) = AB Generate
Propagate (P) =A + B



Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

Example: Domino Adder

VDD

Tty n, b e
B > >0

izi-k+1 izi-k+1 I I:
Gi:i +

cik, —9

|
L

| -k+1
— G, |
Pi- i2k+ i-k:i-2k+1
k:i-2k+1 :I__ -
Propagate Generate

C (G,P) = G+ PC;
S(G,P) = P®C;
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Manchester 34 4%
iSW|tches controlled by G, and P,

T

‘_T_'
&L p

1Civ g ICi

1

= Total delay of
= time to form the switch control signals G, and P,

= Setup time for the switches
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Domino Manchester Carry
hain Circuit

E b
1

(G, + P,Gy + P,P,C;p)
(G5 + P;G, + P;P,G; + P;P,P,G,+ P;P,P,P,C; )
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Manchester Carry Chai R,
anchester Carry Chain _G.+PG,+

BERG, + FERG,
+})3})2})1})0Cin

*Implement P with pass-transistors
sImplement G with pull-up, kill (delete) with pull-down
*Use dynamic logic to reduce the complexity and speed up
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